Objective: To assess the effect of increasing body mass index, intra-abdominal fat, and outer abdominal fat on outcome in patients undergoing major hepatectomy.
D
ATA FROM THE 2008 NAtional Health and Nutrition Examination Survey 1 reveal that 65% of the US population is currently overweight, defined as having a body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) of 25 to 29.9. Nearly half these people, having a BMI of 30 or higher, are included in the definition of obese. There has been a 30% increase in the incidence of obesity from 1978 to 1999. 1 This increase requires surgeons to examine more critically the effect of overweight and obesity on their patients. The literature [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] currently presents mixed findings on the effect of overweight and obesity on various surgical populations, with different measures of obesity being used in these studies. The goal of this study was to assess the effect of key measures of obesity on a group of patients undergoing major hepatic resection. We postulated that the amount of intra-abdominal fat (IAF) would have the greatest effect on outcome after intraabdominal operations. We further postulated that a simple measurement of perinephric fat, easily obtainable on routine computed tomography performed for cancer staging, can be used to stratify patients according to perioperative risk.
METHODS

STUDY DESIGN
At the Memorial Sloan-Kettering Cancer Center, we compared BMI and measurements of IAF and outer abdominal fat (OAF) for their value in predicting rates of death and complications among patients undergoing major upper abdominal surgery. Institutional review board approval was obtained before beginning the study.
STUDY PARTICIPANTS
A consecutive series of all patients undergoing major hepatic resection (defined as ana-tomical resection of at least 1 complete hepatic lobe) between June 18, 1996, and November 6, 2001, comprised this study. Patients younger than 18 years or those whose resection was not completed were excluded. All other eligible patients were included.
INTERVENTIONS
Measurements of BMI were taken from the preanesthesia worksheet for each patient's resection. To obtain objective measures of fat by scanning, standardized computed tomography assessment was used. A single observer (S.T.), masked to the outcomes for the series of patients, examined preoperative computed tomography scans for this cohort. Defined anatomical locations were identified (Figure 1 and Figure 2 ) and measurements of perinephric fat (IAF) and OAF were made in millimeters on a computer PACS radiology system (GE Pathspeed on 8.1 platform; GE Medical Systems, Fairfield, Connecticut). Thirty-day complications data were obtained from the prospectively maintained surgical complications database at Memorial Sloan-Kettering Cancer Center and confirmed by a detailed review of patient medical records.
DEPENDENT MEASURES
Mortality was defined as death within the 30-day period after surgery. Complications were assessed as binary (present or absent) and ordinal (by grade classification; see Table 1 for grade definitions) variables. Length of stay was measured in total days in the hospital from admission for operation to discharge. A hospital readmission was defined as a complication and graded based on the cause. Operating time (in minutes) was taken from the nursing records and defined as the time of incision to the time of closure. This was also verified by examination of the anesthesia record.
STATISTICAL ANALYSIS
The 3 measures of obesity considered in this study, BMI, IAF, and OAF, were used as continuous variables. Among the outcomes, operating time and length of stay were evaluated as continuous variables, whereas morbidity was analyzed as binary (yes/no) and ordinal (grades 1-5) measures. Mortality was analyzed as a binary factor. To accommodate the continuous nature of the obesity measures, regression models were used to assess the risk of outcome: logistic regression for mortality and morbidity, proportional odds regression for severity of complications, Poisson regression for length of stay, and least squares regression for logarithm of operation time.
RESULTS
STUDY PARTICIPANTS
Characteristics of the 349 patients, indications for operation, and procedure performed are given in Table 2 . A summary of outcome measures overall and by sex is given in Table 3 . Data regarding the 5 outcome measures were analyzed against the BMI, IAF, and OAF for the group as a whole and by sex when important differences between the sexes emerged. In addition, BMI, IAF, and OAF were examined for correlation with each other. Weak to no correlations were observed (Figure 3 ) (correlation coefficients: 0.33 for BMI vs IAF, 0.45 for BMI vs OAF, and −0.02 for IAF vs OAF). A summary of the analysis of the effects of BMI, IAF, and OAF is given in Table 4 .
The only significant predictor of mortality, frequency and severity of complications, and length of stay was IAF. Multivariate analysis revealed IAF and age to be the only significant predictors of increased risk of mortality. For Use of intravenous medications, total parenteral nutrition, enteral nutrition, or blood transfusion to treat an event 3
Interventional radiology, therapeutic endoscopy, intubation, angiography, use of visiting nurse support after discharge, or operation required to treat an event 4
Residual and lasting disability requiring major rehabilitation or organ resection 5
Event resulting in death of patient the other variables, differences in the models emerged between the sexes, so the analyses were performed for each sex. For men, IAF again emerged as a significant predictor of increasing frequency of complications (P=.04) and increasing length of stay (P=.002). Age was not predictive of poor outcomes for men. For women, IAF was not a significant predictor of increased rate of complications (P=.51) in multivariate modeling, but age was (P=.01). Similar conclusions emerged when only severe complications (grade Ͼ2) were considered. Analysis of outcome measures was also performed for the subset of patients with a BMI of 30 or higher (82 [23.5%]) to see whether the very obese population had significantly more complications. No difference was found between the 2 groups, and the results of these analyses held true in the subset of obese patients.
COMMENT
The literature regarding the effect of obesity on outcomes for operations has been mixed. Although much of the cardiac surgery literature documents no increase in adverse outcomes for the obese, 2-7 data regarding outcomes in pelvic procedures demonstrate an increase in certain complications, such as increased blood loss and wound infections. 8 The potential effect of surgical site on effect of obesity is also seen in an article examining the effect of a BMI higher than 27 on colorectal resection. Benoist and colleagues 9 found no difference in overall mortality, morbidity, or leakage rates for patients undergoing right-sided colectomies but noted increased intra-abdominal fluid collections, anastomotic leak rates, and transfusion rates in patients undergoing left-sided colectomies or proctectomies. We hypothesized that not just obesity but also location of fat influenced outcome of surgery at that site. Using perirenal fat as a surrogate of IAF, the current study confirmed the importance of local fat on outcome of a major upper abdominal operation.
There have been limited studies of the effect of general obesity on outcomes for upper abdominal operations. Outcomes after distal gastrectomy and D2 lymphadenectomy between patients with a BMI lower than 27 and 27 or higher were examined by Japanese investigators, 10 who found a significant increase in intraabdominal infection rates (7 of 390 [1.8%] in patients with a BMI Ͻ25 for men and Ͻ22 for women vs 4 of 40 [10.0%] for patients with a BMI Ͼ27). In addition, this study found an increase in the length of stay for patients in the group with BMI of 27 or higher (26 vs 34 days). It is not clear how to apply this study to US populations, however, given the different practice patterns and lower frequency of obesity in the Japanese and world populations (7.2% had a BMI Ͼ27 in this study). 10 This lower level of obesity in the Japanese patient explains the lower cutoff for obesity in other studies from this country. Thus, in another report from Japan, 11 a BMI of 25 was chosen as the cutoff. At this level, no difference in morbidity or length of stay was seen in patients classified as obese (BMI Ն25) vs normal weight (BMI Ͻ25) who underwent laparoscopic-assisted distal gastrectomy. A French study 12 found a difference in the incidence of intra-abdominal complications after distal pancreatectomy for patients with a BMI of 27 or higher, but only 12 of 61 (19.7%) patients met this criterion. In the United States, a BMI of 30.0 or higher is usually considered obese. These studies were also confounded by combined analysis of men and women. In the current study, different results were found according to sex and likely reflect the different distribution of body fat by sex. We therefore believe that local assessment of fat is a better discriminator of risk compared with general obesity.
Other groups have tried to use detailed measurements of IAF to assess risk. A study 13 reporting on outcomes based on a computer-summed model of levels of IAF dichotomized the continuous variable of IAF and found an increased level to be associated with increased risk of medical, but not surgical, complications. In the current study, we attempted to simplify the measure of IAF for preoperative risk stratification. By using a simple linear measurement of perinephric fat, we found a correlation to increased risk of complications for liver resection.
Looking at a consecutive series of similar major upper abdominal operations allows us a better picture of the rate of complications and possible links of morbidity and mortality to obesity. Interestingly, we did not find the association of increasing morbidity with increasing BMI despite a mean BMI of 26.8 (well into the overweight category) and a full 23.5% of our patients meeting criteria for obesity with a BMI of 30 or higher. As defined by a simple, single surrogate measurement of perinephric fat, IAF was able to be used to risk stratify the patients for mortality, complication rate, severity of complications, and increasing length of stay. This should help surgeons be better able to identify high-risk patients and, conversely, not refuse an operation based on the presumed high risk of someone with external obesity. Now that most of our patients being considered for a major upper abdominal resection will have a preoperative computed tomography scan, the information provided by looking at levels of perinephric fat is easily determined and should not be ignored.
Body mass index seems to be a poor index of the type of obesity that increases operative risk for patients under- going major hepatic resection. Only a limited number of our patients fell into the morbidly obese (BMI Ն40.0-49.9; n=2) and superobese (BMI Ͼ50.0; n=1) categories. Therefore, these data would not be applicable to those particular groups. Evaluating a population of primarily oncology patients may be one reason BMI did not work as an indicator because many of these patients have often undergone weight shifts with ongoing treatment of their malignant neoplasms. Most of our patients had undergone surgery for metastatic disease and had been exposed to varying regimens of chemotherapy, posing unknown effects on nutritional status and body composition that would not have been seen in a population with benign disease. In this era of increased scrutiny of resource allocation and management, correlation of body measurements to length of hospital stay or operating room time for specific operations may assist in such resource management. Studies such as ours may allow researchers to arrive at a panel of measurements that could be applied in daily planning in hospitals. One could imagine a patient body assessment that can be used to determine reasonable ranges of operating room use, hospital bed occupation, and expected charges for operations. For now, based on these results, we recommend surgeons use IAF and perinephric fat as a guide to judging risk for their patients undergoing major upper abdominal operations.
